Abstract: Land use and land cover change (LUCC) is an important driver of ecosystem function and services. Thus, LUCC analysis may lay foundation for landscape planning, conservation and management. It is especially true for alpine landscapes, which are more susceptible to climate changes and human activities. However, the information on LUCC in sacred landscape is limited, which will hinder the landscape conservation and development. We chose Kailash Sacred Landscape in China (KSL-China) to investigate the patterns and dynamics of LUCC and the driving forces using remote sensing data and meteorological data from 1990 to 2008. A supervised classification of land use and land cover was established based on field survey. Rangelands presented marked fluctuations due to climatic warming and its induced drought, for example, dramatic decreases were found in highand medium-cover rangelands over the period [2000][2001][2002][2003][2004][2005][2006][2007][2008]. And recession of most glaciers was also observed in the study period. Instead, an increase of anthropogenic activities accelerated intensive alteration of land use, such as conversion of cropland to built-up land. We found that the change of vegetation cover was positively correlated with growing season precipitation (GSP). In addition, vegetation cover was substantially reduced along the pilgrimage routes particularly within 5 km of the routes. The findings of the study suggest that climatic warming and human disturbance are interacted to cause remarkable LUCC. Tourism development was responsible land use change in urban and pilgrimage routes. This study has important implications for landscape conservation and ecosystem management. The reduction of rangeland cover may decrease the rangeland quality and pose pressure for the carrying capacity of rangelands in the KSL-China. With the increasing risk of climate warming, rangeland conservation is imperative. The future development should shift from livestock-focus animal husbandry to service-based ecotourism in the sacred landscape.
Introduction
A large number of studies have investigated land use and land cover change (LUCC) at regional or even global scales [1] [2] [3] [4] [5] [6] [7] [8] [9] . A series of impacts of LUCC are imposed on biodiversity, soil carbon stocks, climate change, and ecosystem services [10] [11] [12] [13] [14] [15] [16] [17] . It is indicated that alpine landscapes have become more vulnerable under climate change and land use change, and alpine ecosystem services are subject to changes owing to LUCC driven by climate and socio-economic changes [18] . In addition, recent regional analyses using remote sensing data have highlighted the consequences of climate change on alpine landscape, particularly the influence of climatic warming, which suggests that it is critical to perform substantial LUCC research in alpine landscapes [19] [20] [21] [22] [23] [24] [25] [26] [27] . Therefore, it is imperative to better understand LUCC and its driving forces in alpine landscapes. Using remote sensing data is an operational way to monitor LUCC, and further quantify land use and land cover and understand LUCC in response to climate change and human disturbance in long-term. Therefore, numerous studies detected the dynamics of land use and land cover in long time series using satellite image [28] [29] [30] [31] [32] [33] . Similarly, previous studies have assessed the accuracy of land classification of high resolution image [34] [35] [36] [37] . In addition, long-term LUCC were associated with climate factors taking advantage of remote sensing time series. For example, relationships of vegetation cover dynamics with climate change were examined using Normalized Difference Vegetation Index (NDVI) and rainfall [38] [39] [40] . Further, some studies also explored LUCC using satellite images in alpine landscapes [41] [42] [43] [44] , and adopting landscape models based on LUCC to support landscape and biodiversity conservation management [45] [46] [47] [48] [49] . In particular, LUCC can provide detailed spatial information of land cover for implementing sustainable landscape conservation in alpine regions [50] . However, there is still limited information on the LUCC in sacred landscapes, which is beneficial to better understand LUCC in response to climate change and increasing number of tourists.
The Kailash Sacred Landscape (KSL) is an important transboundary landscape with culture diversity and biodiversity hotspots in Hindu Kush Himalayan region. It is also the holiest shrine for five religions, i.e., Hinduism, Buddhism, Jainism, Ayyavazhi and the Bön faith [51] . However, land use and land cover in this region has changed rapidly in recent years in response to climate change, tourism development, and pilgrimage. Some studies have addressed the LUCC in Himalayan transboundary landscape. For instance, Uddin et al. [52] analyzed LUCC and forest fragmentation in Nepal's Kailash Sacred Landscape. Rai et al. [53] assessed LUCC and ecosystem services in the transboundary Gandaki River Basin of central Himalayas. All the studies suggest land use and land cover are vulnerable to the pressures from tourism disturbance, infrastructure construction, and climate change in the trans-boundary landscape. Nonetheless, LUCC and its main drive forces remain elusive in Chinese part of the KSL (KSL-China). This knowledge gap may constrain our capacity to conserve the sacred landscape. More importantly, understanding LUCC and its drivers will provide insights into ecosystem management and future landscape conservation in the KSL-China.
Hence, we use satellite images and meteorological data to assess LUCC and examine the major drivers in KSL-China from 1990 to 2008. The main objectives are to explore: (1) the dynamics of LUCC during 1990-2008, (2) the response of LUCC to driving factors, and (3) its implication for landscape conservation and sustainable land use. This study is expected to provide insights into sacred landscape conservation in future land management.
Materials and Methods

Study Area
The KSL-China is situated in Burang County, Tibet Autonomous Region (80 • 27 -82 • 30 E, 30 • 00 -31 • 13 N; Figure 1 ). Mount Kailash and Lake Manasarovar are the landmarks of the Kailash Sacred Landscape. KSL is characterized by diverse culture and bio-resources. Mount Kailash is considered by multi-religion as the Center of the Universe. Every year, tens of thousands of pilgrims with different religious beliefs make pilgrimage to Mount Kailash and pray to back to the soul. Near the Mount Kailash, there are two famous holy lakes, i.e., Lake Manasarovar and Lake Rakshastal. Manasarovar was ratified as national park and national natural reserve in 2004 and 2018, respectively. It is also a Ramsar international wetland site. KSL-China is the habitat for 26 species of Convention on International Trade in Endangered Species (CITES). KSL is also the sources of four important Asian rivers.
The KSL-China is composed of two watersheds according to topography. One is the high-altitude Manasarovar basin with an area of 7780.87 km 2 and average altitude of 4700 m. The other is a 
Remote Sensing Data Acquisition and Processing
Three-phase series (1990, 2000 and 2008) of Landsat satellite images during growing season were used for LUCC assessment. To reduce the impacts of seasonal and phonological variations, the satellite images were selected in the same season (summer and autumn). This study collected Landsat TM (Thematic Mapper) images between 1990 and 1992, 1999 and 2000, Landsat ETM images (Enhanced Thematic Mapper) between 2007 and 2008. Each temporal dataset includes 3 scenes of satellite images covering KSL-China. The path-rows are 143-39, 144-38, and 144-39. All remote sensing data were acquired from the United States Geological Survey (USGS) Earth Resources Observation and Science (EROS) Center. Multi-temporal image registration, radiometric and atmospheric corrections were performed beforehand so that registration error was controlled less than 15 m. ENVI software was used to process the satellite images, and ArcGIS version 10.2 was used to edit the KSL extent, extract land parameters, and analyze LUCC.
The Moderate Resolution Imaging Spectroradiometer (MODIS) dataset MOD13A3 (https://lpdaac.usgs.gov) was collected to examine vegetation cover dynamics after 2000. NDVI and climatic factors during the growing season were adopted to explore the relationship between vegetation cover dynamics and climate changes. Maximum value composites (MVC) was used to obtain the yearly NDVI over the growing season.
Meteorological data (monthly average temperature and precipitation) were provided by Chinese National Meteorological Information Center (http://data.cma.cn). The total precipitation 
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Land Classification
According to the resolution of Landsat images in the KSL-China and field survey in many years, land use was classified into eight main classes, i.e., croplands, rangelands, deserts, wetlands, water bodies, built-up lands, glaciers, and barren lands. Among them, rangelands are the most important and widely distributed landscapes. Therefore, we made a further classification for rangelands as low coverage rangeland with vegetation cover range between 10% and 30%, medium coverage rangeland with cover ranging from 30% to 60%, and high coverage rangelands with cover more than 60%. Thus, ten land use classes were therefore classified in this study (Table 1) .
Supervised classification method was used to classify water bodies and barren lands because these two types were easy to identify through spectrums analysis. Bands ratio method was used to classify glaciers which are easily to be extracted through TM7/TM3, including the glaciers under mountain shadow. The rangelands and desert were classified through a couple of methods: First, NDVI was used to calculate vegetation coverage through NDVI min and NDVI max . Second, the decision tree method was applied to classify low-, medium-, and high-cover rangelands and desert. Then, some post classification methods such as majority analysis, clump classes and sieve classes were used to process the discrete pixels. In addition, the expert system method and Google Earth were used to identify croplands, wetlands and built-up lands. At last, all the classification results were converted from raster to vector format. Table 1 . Land use classification system in the KSL-China.
Land Classification Implication
Cropland Agricultural land, including old and new cultivated lands, fallow land, crop-grass rotation field, agro-fruit land and agro-forestry land
Rangeland with low coverage Land with herbaceous types of cover. Rangeland coverage is between 10% and 30%
Rangeland with medium coverage Land with herbaceous types of cover. Rangeland coverage is between 30% and 60%
Rangeland with high coverage Land with herbaceous types of cover. Rangeland coverage is more than 60% Desert Land with herbaceous types of cover. Vegetation coverage is between 2% and 10% Wetland Land with a permanent mixture of water and herbaceous or woody vegetation.
Water bodies Lake, reservoirs, and rivers. Can be either fresh or salt-water bodies Glacier Land under snow/ice cover throughout the year.
Built-up land Land covered by buildings and other man-made structures in urban and rural settlement.
Barren land Land with exposed soil, sand, rocks, or snow and never has more than 2% vegetated cover during any time of the year.
LUCC Change Rate
The changes of land use and land cover in the study period were calculated as the following rate,
in which C r is the change rate of land use and land cover in the study period. C start and C end are the areas of a certain land type at the start and at the end of the research period, respectively. T is years of the study interval. 
Land Use and Land Cover Transition Matrix
The land use and land cover transition matrix is used to examine land area conversion of different types in two stages [55] [56] [57] [58] . The matrix was calculated by the following equation:
in which P ij is the land area in transition from landscape i to j. Each element in the transition matrix is assumed to satisfy that (1) P ij is non-negative and (2) ∑ n j=1 P ij = 1. Due to substantial change rate after 2000, land use and land cover transition matrix was calculated between 2000 and 2008 in this study.
Buffer Analysis
To test the influence of pilgrimage routes on surrounding environment, distances to the Kora routes of Mount Kailash were used as buffer zones, ranging from 0 to 5 km, 5 to 10 km, and 10 to 15 km. The vegetation covers of buffer zones were extracted to indicate changes in surrounding environment of pilgrimage route.
Results
LUCC Patterns in KSL
Land Use and Land Cover Pattern in 2008
The land use and land cover of KSL-China were dominated by barren land, deserts, and low coverage rangeland. The other types of land only accounted for 14% of total cover (Table 2) . Built-up land, cropland, and high coverage rangeland covered the least area. Natural and semi-natural landscapes, i.e., glacier, lake, desert, rangeland, wetland, and barren land, occupied most of the total area in the Manasarovar basin ( Figure 2 ). While human-made landscapes, i.e., cropland and built-up land, were mostly distributed in the Karnali basin. Rangeland amounted to about 30% of total area in the Manasarovar basin, whereas less than 17% of the total in the Karnali basin (Table 2) . Wetland was mostly distributed in Manasarovar basin with an area of 80.36 km 2 . The areas of water bodies were 735.15 km 2 , and 4.11 km 2 in the Manasarovar basin and the Karnali basin, respectively. In contrast, barren land amounted to 50% of the total lands in Karnali basin, which is 20% higher than that in the Manasarovar basin. In addition, the total glacier covers in Karnali basin (182.60 km 2 ) are over twice of those in Manasarovar basin (79.72 km 2 ). The spatial distribution of LUCC in KSL-China differed in the three phases, particularly in rangelands (Figure 2 ). During the period between 1990 and 2000, the most obvious changes were increase of low coverage and, high-coverage rangeland, built-up land, and a decrease in glaciers as well as desert (Figure 3) . Most of the glaciers experienced dramatic retreat. The total glacier area reduced 16.70% from 319.52 km 2 in 1990 to 266.17 km 2 in 2000 ( Table 3 ). The total area of lakes (including glacial lakes) also decreased 12.34 km 2 within 10 years, but there was no obvious change for the largest lake, i.e., Lake Manasarovar. Some small lakes (especially glacial lakes) even expanded into the Karnali Basin.
In the period between 2000 and 2008, rangelands showed obvious decrease of coverage, with decline areas of 161.27 km 2 in the medium coverage rangeland (4.43% decrease per year), of 23.71 km 2 in high coverage rangeland (3.41% decrease per year). In addition, the conversion of agricultural land to infrastructure land caused decrease of 0.24 km 2 cropland, with 0.28% of decreasing rate every year. At the same time, the total built-up land increased 0.40 km 2 , with 2.33% of increasing every year. About 60% of this change took place in urban area and 40% in rural area. The conversion of agricultural land into infrastructural land is concentrated in Burang Township and Hor Township. 
Spatio-Temporal Dynamics of LUCC during the Period 1990-2008
The spatial distribution of LUCC in KSL-China differed in the three phases, particularly in rangelands (Figure 2 ). During the period between 1990 and 2000, the most obvious changes were increase of low coverage and, high-coverage rangeland, built-up land, and a decrease in glaciers as well as desert (Figure 3) . Most of the glaciers experienced dramatic retreat. The total glacier area reduced 16.70% from 319.52 km 2 in 1990 to 266.17 km 2 in 2000 ( Table 3 ). The total area of lakes (including glacial lakes) also decreased 12.34 km 2 within 10 years, but there was no obvious change for the largest lake, i.e., Lake Manasarovar. Some small lakes (especially glacial lakes) even expanded into the Karnali Basin. In the period between 2000 and 2008, rangelands showed obvious decrease of coverage, with decline areas of 161.27 km 2 in the medium coverage rangeland (4.43% decrease per year), of 23.71 km 2 in high coverage rangeland (3.41% decrease per year). In addition, the conversion of agricultural land to infrastructure land caused decrease of 0.24 km 2 cropland, with 0.28% of decreasing rate every year. At the same time, the total built-up land increased 0.40 km 2 , with 2.33% of increasing every year. About 60% of this change took place in urban area and 40% in rural area. The conversion of agricultural land into infrastructural land is concentrated in Burang Township and Hor Township.
A remarkable conversion from rangeland to desert was found in the period 2000-2008. The area of land transition was 546.77 km 2 (Table 4) . At the same period, 3.71 km 2 of glacier recession area was converted into barren land. As for man-made landscape, the largest land transformation was from cropland to built-up land, with an area of 0.23 km 2 , mostly concentrated in the Karnali basin. In the period 2000-2015, growing season precipitation (GSP) varied yearly but showed a relatively stable trend (Figure 4) , whereas the mean growing season temperature (GST) showed an obvious increase trend, indicated that climatic warming was prevailing in this period. In the growing season, NDVI declined in the period 2000-2009, positively correlated with GSP (r = 0.66, p < 0.05), suggesting that GSP could be the key factor driving vegetation cover changes (Figure 4 ). 
Impacts of Climate Change and Human Disturbance on Land Cover
Climate Change and Its Relationship with Vegetation Cover
In the period 2000-2015, growing season precipitation (GSP) varied yearly but showed a relatively stable trend (Figure 4) , whereas the mean growing season temperature (GST) showed an obvious increase trend, indicated that climatic warming was prevailing in this period. In the growing season, NDVI declined in the period 2000-2009, positively correlated with GSP (r = 0.66, p < 0.05), suggesting that GSP could be the key factor driving vegetation cover changes (Figure 4) . 
Impact of Tourism on Vegetation Cover
The number of tourists to Kailash has been increasing since 2000 and reached over 70,000 in 2007 according to local recorded data (Figure 5a ). Tourist trampling had adverse impact on vegetation cover within certain distance to the pilgrimage routes (Figure 5b ). Remote sensing analysis showed that vegetation cover reduced lowest along the pilgrimage routes within a 5km distance, but gradually increased within 5-10 km, and reached stable state over 15 km. 
Discussion
LUCC and Its Primary Driving Factors in the KSL-China
The arid rangelands in the KSL-China dominated by alpine desert-steppe are sensitive to climate change, especially to the interaction between climatic warming and interannual variation of precipitation, and its induced extreme climatic events and drought. Evidence showed that there was an increasing warming and drought trend over the western Tibetan Plateau in the past decades [59] [60] [61] [62] . In particular, temperature extremes, such as maximum temperature and the warmest days have being increased [63] . According to the data of Burang Meteorological Observation, annual air temperature increased by 1.2 °C, while the annual precipitation decreased by about 50 mm (25% of the total annual precipitation) in the past 30 years. The decreasing precipitation and increasing evapotranspiration with the climate warming exacerbated the drought in the study landscape.
Our study found that the coverage of rangeland exhibited dramatic fluctuations due to the increasing drought and climate warming. In addition, quite a number of rangelands were degraded to desert from 2000 to 2008. In line with previous studies, decreasing precipitation and increasing climate warming was shown to contribute to dramatic LUCC and rangeland degradation. For example, Wang et al. [64] found that climatic variation had more negative impact on rangeland, and such effect was significantly higher than overgrazing-induced rangeland disservice Similarly, some studies suggested increasing warming would decrease rangeland quality and net primary productivity on the Tibetan Plateau [65, 66] . The Tibetan Plateau has experienced significant climate warming and rainfall decline in the past decades [63] . We also found that climatic warming was prevailing in the study period, and vegetation cover declined with increasing warming in the KSLChina. Moreover, decreasing precipitation could interact with climate warming to exacerbate vegetation degradation. The dramatic decline of vegetation cover in the period 2000-2009 was in consistent with the observation of grassland degradation by Chen et al. [67] on the Tibetan Plateau.
Although overgrazing is commonly considered to reduce vegetation cover and result in rangeland degradation, there are limited impacts of grazing on LUCC in this study. Duan et al. [54] found the livestock stocking rate remained within rangeland carrying capacity in KSL-China from 2000 to 2015, mostly owing to controlled livestock population by local government. These results and facts suggested that climate change might exert overwhelming impacts on land cover change, in consistent with the more importance of climate change on vegetation change in western Tibetan Plateau by Chen et al. [67] . Although disturbance from pilgrims and tourists was also one of the reasons for the rangeland cover change due to pressure of increasing number of visitors, the impacts were actually limited, especially along the Kora routes of Mount Kailash and Lake Manasarovar. This was proved by the buffer analysis of vegetation cover change from different distances to the routes.
With increasing warming, most of the glaciers in the KSL-China were subject to dramatic deglaciation from 1990 to 2008, with 17.9% of area decrease. Ye et al. [68] also found accelerated 
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With increasing warming, most of the glaciers in the KSL-China were subject to dramatic deglaciation from 1990 to 2008, with 17.9% of area decrease. Ye et al. [68] also found accelerated glacier recession in the Manasarovar basin after 1990s owing to climatic warming. Previous studies indicated that glaciers had shown an accelerating trend of more negative mass balance since the early 1990s in the Himalayas region [69] [70] [71] [72] . Yao et al. [73] also revealed that air temperature presented a modest warming trend in Tibet since 1960. Therefore, increasing glacial melting induced by the warming is the dominant contributor to glacial recession in KSL-China.
Additionally, our results showed that increasing urbanization and rural settlement expansion induced cropland conversion into built-up land in the period 2000-2008. Population and travelers increase, and subsequent infrastructure construction may boost this change. Population increased from 7900 in 2000 to 10,000 in 2010 in Burang County. Spreading human land use has caused remarkable increase of urban area over the world [74] . The KSL-China has been undergoing a great boom of recreation industry since 2000. Travelers reached tens of thousands each year. Tourists and pilgrims are both the factors driving built-up land expansion, particularly focus on the Burang Township, Baga and Hor Township. However, Zhumanova et al. [75] found that farmers' decision-making could influence land use changes in agro-pastoral systems, especially when considering income and profit of land increment. Pursuing the improvement of dwelling condition and homestead inn for tourism service also to some extent enhanced land requirement for rural settlement. As a result, more croplands were transformed into built-up lands in KSL-China.
Implication for Landscape Management
Climatic warming and human activities have played a vital role in reducing in rangeland quality and cropland area in the study period. The resultant LUCC due to climate changes and human disturbance has been stressed in the Himalayas in previous studies, particularly cropland and rangeland changes in remote mountainous area [76, 77] . Maselli [78] suggested that grazing management should be improved in alpine rangelands. Together with previous LUCC studies, we found that rangeland degradation and cropland lost were common phenomena owing to climatic warming and human disturbance in the Himalayan region.
On the other hand, tourism to local sacred places is regarded as the pillar industry which is encouraged and promoted by local government. However, human disturbance by visitors is prone to cause the loss of biodiversity and ecosystem services [79] . Therefore, tourism within environment carrying capacity must be advocated. Ecotourism development can provide a safeguarding for culture, recreation, and environment in mountain communities [80] . Ecotourism has been proved to be an effective pathway to ameliorate ecosystem degradation and conserve local cultures and traditional lifestyles in mountain communities [81] . More importantly, ecotourism can accelerate economic development through tertiary industry in remote area. Despite increasing growth of tourism also leads to intensive land use [82] , the land area conversion to built-up land is relatively limited. Considering quite a great number of rangeland is still undergoing quality degradation in the KSL-China, rangeland conservation is particularly urgent. Therefore, service-based ecotourism is suggested as a sustainable alternative to livestock-focused animal husbandry in the sacred landscape. In fact, local people in the KSL-China are inclined to work in a non-traditional tertiary sector due to rapid change in economic structure. But Reif et al. [83] warned that tourism should be prudently developed in traditional cultural landscapes. Otherwise, it is likely to cause pollution and environmental degradation. Wisdom to balance economic development and landscape conservation is required for sustainable development of the sacred landscape.
Conclusions
Land use and land cover experienced remarkable changes in the KSL-China because of climatic warming and human disturbance during the period of 1990-2008. On the one hand, the rangeland suffered from obvious fluctuations owing to climatic warming and drought, specifically with dramatic decrease of high-and medium-coverage rangeland. Most of the glaciers also retreated due to melting caused by increasing climatic warming. On the other hand, increasing human disturbance has accelerated intensive land use, particularly conversion from cropland to built-up land for infrastructure construction due to tourism development. We conclude that climatic warming and human disturbance may jointly affect LUCC in the KSL-China. Balanced agriculture and service-based ecotourism development is suggested for a substitute for livestock-focused animal husbandry.
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